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A prime requisite in the study of disease and the management of personnel in a work en-

vironment is the ability to assess accurately the morbidity in a given population. To meet

this need a system designed to provide an accurate and efficient methe of monitoring illness

was developed and tested aboard deployed U.S. Navy ships for a six-month trial period (1, 2).

An integral part of this system was a medical treatment reporting form which provided basic

demographic and medical treatment information. The form was designed so information provided

could be electronically tallied via an optical scanning instrument. This system represented

a vast improvement over former methods of monitoring outpatient illness rates in a closed work

environment. This paper presents additional procedures which were used to further organize

and interpret these data to make them more meaningful to the researcher, health care practi-

-to-,and.-proAu rionm~agiE._

While tallies of data in the experimental medical data reporting form provide d-es e ...... . ..

of illness visits, this is only one index of morbidity. As Macl4ahon, Pugh, and Ipsen (3)

point out, the investigator studying the origins and spread of a particular disease is pri-

marily concerned with the number of new cases in a population during a given time period, or

illness incidence, and would not be interested in return or follow-up visits. A production

manager, however, is likely to be more concerned with the number of people indisposed due to

illness or injury at a given time, or illness prevalence, because that figure provides a

better indication of reductions in the work force due to illness. However, because illness

incidence and illness prevalence are indices reflecting the health status of a population at

specified points in time they cannot be directly measured by individual medical treatment forms

which are filled out only when a person seeks treatment through a health care professional.

Instead it is necessary to further process the individual visit data using means that will be

described in this paper.

Methods for constructing illness incidence and prevalence indices from data provided on

medical treatment reporting forms will be described. The paper will also demonstrate how data

aggregation, temporal sequencing, and disease modeling can be used to derive the population

indices. In addition, processes that otherwise often remain covert in the creation of such

indices will be demonstrated.

Illness Incidence

Problems of Measurement

On the surface it would appear that simply requiring, on each treatment form, an indica-

tion that a visit was either an initial visit or a follow-up would provide sufficient informa-

tion to compute the illness incidence measure since all follow-up visits could be ignored.

Problems, however, have been shown to arise when using this method. Requesting either the

patient or the health care practitioner (hospital corpsman) to indicate whether a visit was

"initial" or "follow-up" is helpful, but sources of inaccuracy still exist. For example, a

patient or corpsman relying on memory may forget a previous visit, so that two initial visits

may be recorded for the same disorder. On the other hand, a patient with two visits for dif-

ferent complaints may attribute them to different disorders while the corpsman may recognize

both as symptoms of a single disorder. Finally, multiple independent disorders may be treated

and recorded during a single visit. Therefore, when a visit is recorded as initial visit but

multiple complaints are indicated, there way be ambiguity about which of the different dis-

orders are new.

To reduce the effects of such factors when computing illness prevalence a rudimentary

model of illness etiology was applied. The model used is generally consistent with concepts
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of disease developed by Fabrega (4) who stated that "disease is a temporally extended un-

desirable deviation of a human characteristic or set of characteristics (p. 125)." In addi-

tion, Fabrega indicated that for each disease there is a set of defining characteristics and

that there also is a set of indicators which allow one to identify or classify a disorder.

It is necessary, however, to develop the above concepts further to obtain sufficient detail

for their application to a specific task.

Definitions

The first step in developing the model is to define the term used to label various com-

ponents. Thus, in the following discussion the period from the initial appearance of illness

(or decrement in health status) to recovery is termed an illness episode. Other key terms

used to explicate this model are: symptom, diagnosis, cluster, and temporal contiguity. A

symptom is defined as a physical manifestation or a subjective sensation or perception

that results from some underlying disorder. A diagnosis is the identification of a disease

state or malfunction and the causal agents which precipitated it. A cluster is composed of

a set or series of symptoms and/or diagnoses that are causally related. For example, two

disorders would be within a single cluster if they have comson causes, or if one causes the

other. Finally, causal association may be inferred from temporal contiguity; that is, symp-

toms or diagnoses that are in close proximity timewise and of the same cluster as to be con-

sidered causally related.

Identifying illness episodes

Using the above terms, a model was formulated to identify illness episodes based upon

data obtained from medical treatment reporting forms. Once separate episodes are identified,

illness incidence can be measured by counting the number of illness episodes. As previously

noted, the distinguishing feature of an illness episode is an undesirable change in health

status that is recorded. If an individual has any visits recorded, it is assumed that at

least one illness episode has occurred. But when a patient has made multiple visits during

some time interval, it must be determined whether each succeeding visit was the continuation

of a prior condi-ion or the onset of a new illness. Two visits will be considered to be the

result of a single illness episode if they are temporally "close" and if they are within the

same cluster. For example, a patient who is treated for an upper respiratory infection at

one visit and for pneumonia two days later would have both visits assigned to a single ill-

ness episode. However, if two visits are distant temporally or are not from the same cluster

(e.g., pneumonia and fracture), they would be assigned to different illness episodes.

After illness episodes are identified, they are labeled with a symptom or diagnostic

code. The procedures for selecting the episode label are designed to result in the most

descriptive and appropriate code being used. Of course, if there is only one visit in an

episode, the episode is labeled with the same code used to classify the presenting complaint.

In the case of an episode with multiple visits, the label applied depends upon additional

circumstances. In those cases where all visits are classified with the same code, or where

only one of the visits received a diagnostic code, there is little ambiguity. The situation

is more complicated when more than one diagnosis from one cluster is used, however. If one

of the conditions cited is more specific and descriptive than the others, then it is used

to label the episode. Otherwise, the last complaint that occurs in the series is used to

label the episode.
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Anlication

The system designed to generate illness episode information from dispensary visit records

involved the development of a computer program which incorporated the above logic. To imple-

ment this program, a series of judgments had to be made explicit. First, each code used to

label a treated complaint was designated by the user as being "diagnostic" or "symptomatic."

For example, one probably would consider appendicitis as a diagnostic label and complaints such

as headache or fever as symptoms. Second, interrelated disorders (symptoms and/or diagnoses)

had to be grouped to form illness clusters. Third, the time interval considered to be "close"

and "distant" had to be quantified so that the notion of temporal contiguity could be imple-

mented. That is, visits occurring close together will be treated as part of the same episode

while visits more distant in time will be counted as separate episodes. If multiple visits

are neither "close" nor "distant," then other information on the medical treatment reporting

form, that is, "initial" versus "follow-up", must be used to decide whether the second visit

should be included in the same episode as the first. Fourth, the user is required to assign

a priority level to the various diagnostic categories. This indicator is used to decide how

to label an episode which includes two or more visits for complaints classified as "diagnostic."

Thus, labels for disorders assigned high priority values are treated as though they were more

specific or descriptive than the terms assigned low priority scores.

The system described thus far for converting raw data from the medical treatment forms

into illness episode information is diagrammed in Figure 1. Central to this system is a

FORTRAN program which incorporates the logic representing the model of illness etiology. The

input for this program includes not only the medical treatment form data but also a set of

parameter cards which allow the user to exercise his judgment regarding what is a symptom or

diagnosis, what is close or distant, and so on. As indicated in Figure 1, the combination of

the model of illness etiology and the user's judgments results in the operational definition

of an illness episode. By applying this definition to the raw data for illness visits, a

file of illness episodes is created, and a simple tally of these illness episodes yields an

estimate of illness incidence.

In addition to fulfilling the primary objective of converting illness visit information

into illness episode data, the above system is beneficial in other ways. For instance, coding

errors and logical inconsistencies may be detected and corrected while the data are being

processed. Another benefit of this system is that it makes the process of converting the raw

data into records of illness episodes explicit so that covert and possibly inconsistent pro-

cedures are avoided.

Illness Prevalence

computation

As noted previously, illness prevalence or the number of individuals ill or indisposed at any

given time is probably the most relevant morbidity indicator from a management perspective.

Illness prevalence cannot be computed directly from the medical treatment form data, however.

NacMahon et al., (3) note that illness prevalence is a combination of illness incidence and

illness duration (length of an episode). Thus, the model used above must be extended to in-

clude illness duration before prevalence can be estimated.

One way to accomplish this is to assume that a person seeking medical attention on a par-

ticular day felt ill prior to the visit and will continue to be ill for some time after treat-

ment. Then prevalence could be determined by counting the number of new illness episodes oc-

curring each day and assigning an equal number to the surrounding days. For example, if 10

people sought medical attention for respiratory ilness on one day and the course of the disease



(time from onset to full recovery) is typically seven days, then in addition to the day of the

visit, those 10 people would be counted as being ill the 3 days prior to and the 3 days follow-

ing their visit.

Use of Moving Average

The above method for computing illness prevalence may be implemented using a method devel-

oped for smoothing temporal trends in time-series analysis (5, 6) although the rationale behind

its use is somewhat different. In time-series analysis temporal sequences are often smoothed

by a moving average process where the score for one period is weighted. Each weighted score

is then added to adjacent values and the total for each period is divided by the sum of the

weights. The rationale behind these procedures is based on the notion that the data at each

point in time contain some error but that data from contiguous times can be used to help esti-

mate the true value for the period in question. Thus, by using the actual data for a given

point in time as one estimate of the true value and combining that with estimates from surround-

ing data points, error can be reduced, thereby exposing the underlying trend. However, the

objective in this paper is not to combine and average estimates of some true value. Instead,

the surrounding data are viewed as a legitimate part of the circumstances existing at one

point in time. That is, when a person seeks treatment for influenza on one day, it is likely

that he will not be fully recovered on the next day and therefore he will be counted as being

ill for both days. Thus, a moving sum procedure was used to compute prevalence which is the

same as the moving average procedure except that the weighted sums of temporal sequences were

not divided by the sum of the weights. Therefore, in the earlier example in which 10 people

had respiratory illnesses that lasted seven days each, the procdures described were those

used to compute a simple moving average except that the result was not divided by the sum of

the weights.

Results

Data Edits

A computer program was designed to implement the logic developed in this paper and was

applied to medical treatment report data for the crew of an amphibious assault ship. Data

for each visit were edited to be consistent with information about other visits. Although

the majority of records remained unchanged, Table 1 shows a few examples of patients' illness

data prior to editing as well as the changes that were made. Most changes were of the type

shown for Cases 1 and 2 where follow-up visits apparently had been recorded incorrectly as

initial visits. The next most frequent type of change is exhibited by Case 3 in which visits

that had been recorded as follow-up visits had no preceding initial visits within a reason-

able time frame.

Cases 4 and 5 show a combination of changes within a single record. Case 5 is a par-

ticularly interesting record. First, it provides an example of a symptom of "hazy diagnosis,"

(unspecified Respiratory Diseases) preceding a more clear-cut diagnosis, Upper Respiratory

Infection (URI). Case 5 is also interesting because of the pattern of illness visits occur-

ring between January 26th and February 4th. Each visit was recorded as an initial visit by

the corpsman; however, considering the type of complaints and their contiguity, one might

suspect that the patient actually had a single influenza episode.

Data Smoothing

After the illness record for each patient was edited, daily incidence of illness was

computed by finding the number of initial visits for each day and prevalence was computed as

described earlier. Then to demonstrate the effect produced by each procedure,daily incidence
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and prevalence of respiratory illnesses incurred during the deployment were plotted with the

expected duration of a respiratory illness episode fixed at seven days. The graph generated

by plotting the incidence data is shown in Figure 2 and Figure 3 shows how these data appear

after using the illness prevalence transformation..

In these Figures the Y axis shows the percentage of the crew that was affected by res-

piratory illness. Each character along the X axis represents one day. Alternate strings of

"As" and "Bs" are used to indicate the months of the year with the initial string of "Bs"

representing the latter half of November, followed by a string of As for December, a string

of Bs for January and another string of As for the first part of February. The values for

each day are printed as a column of "Ps" or "Ss" where P indicates that a ship was in port oA

a particular day and S indicates that the ship was at sea.

Comparing the illness prevalence estimates shown in Figure 3 with the incidence data

shown in Figure 2, it becomes clear that, at any one time, illness prevalence is much greater

than the proportion who seek medical attention. Therefore, it is felt that for anyone con-

cerned with the effect that the illness within a certain pop tlation may have on production or

mission effectiveness, this type of data transformation and display could be quite useful.

Discussion

Even though the procedures used in the present paper are in the preliminary stages of

development, they appear to greatly enhance analysis of illness data. Modifications to in-

dividual records in most cases were straightforward. For example, it is not difficult to

justify counting three visits within one week for pharyngitis as a single illness episode

rather than three. Some individuals, however, had complex illness patterns which suggested

an underlying diagnosis that may have eluded the corpsman. In the future, it may be possible

to use more sophisticated procedures to identify meaningful illness clusters and syndromes.

Whenever data are modified, there is a question about the validity of the changes

and this is a question that could and should be investigated in future studies. With

respect to illness incidence, data were modified only when two or more points were clearly

inconsistent and then a best guess type strategy was employed to resolve the discrepancy

and render the data meaningful. Thus, it is believed that the overall amount of error was

reduced but the lack of a second source of illness data prevents one from obtaining a con-

clusive answer to this question. Perhaps, in future systems these methods could be used to

alert health care personnel of discrepancies in the data obtained so that immediate steps

could be taken to resolve the problem.

Finally, it is believed that the techniques described here along with the traditional

time-series approach, can be used to form a more comprehensive picture of illness and injury

patterns particularly in an industrial environment where trend fluctuations, seasonal vari-

ations, and irregular effects are so important to the production manager for future planning.
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Table I

Typical Modifications to individual Illness Records

original Data

Case Date visit Complaint Modification

1 27 Jan initial Pharyngitis

28 Jan (initial)a Pharyngitis Follow-up

I Feb (Initisl) Pharyngitis Follow-up

2 12 Nov Initial Gonorrhea

15 Nov (initial) Gonorrhea Follow-up

17 Nov Follow-up Gonorrhea

22 Feb Initial URI

6 Msr Initial Gastritis

3 19 Oct (Follow-up) Pyorrhea initial

5 Nov Initial Gonorrhea

20 Dec (Follow-up) Musculoskeletal Initial

22 Dec Initial Diarrhea

5 Jan Follow-up Musculoskeletal

10 Jan Follow-up Musculoskeletal

17 Feb (Follow-up) Musculookeletal initial

4 12 Oct initial Otitis Externa

30 Nov (Follow-up) Open Wound Initial

14 Jan (Follow-up) Open Wound initial

24 Feb Initial URI

3 Mar (Initial) URI Follow-up

5 26 Jan Initial URI

26 Jan Initial Motion Sickness

27 Jan (Initial) URI Follow-up

4 Feb Initial Diarrhea

5 Mar Initial Skin Disorder

5 Apr Initial (Unspecified Reap.
Diseasc) URI

7 Apr (initial) UIl Follow-up

aParentheses indicate the original data that ware subsequently msodified.
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(illness episodes;
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1Illness incidence)

Fig. 1. System for Computing ilness Incidenc from Records of Illness Visits.
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